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地球上の水域に広く適応放散し、現在では 14科 86種が知られている（加藤, 2010）。4





有するように進化した（Goldbogen et al., 2010）。また、クジラヒゲを使った摂餌方法は
飲み込み型（Swallowing）、漉し取り型（Skimming）、飲み込みと漉し取りの併用型、掘















つである。ここにはミンククジラ B. acutorostrataおよびクロミンククジラ B. bonaerensis
の 2種が含まれる。ミンククジラは北太平洋に生息する北太平洋産ミンククジラ B. a. 





えられてきた（Stewart and Leatherwood, 1985）。1980年代、南半球において体色、ヒゲ
板の色彩、生物学的特性値の異なる 2タイプのミンククジラが報告された（Best, 1985; 
Arnold et al., 1987）。また、南極海や南アフリカ、ブラジルにおける商業捕鯨、ストラン
ディングなどから得られた様々な情報（Williamson, 1959; Kasuya and Ichihara, 1965; 
Doroshenko, 1979; Best, 1982; da Rocha and Braga, 1982）をもとに研究が重ねられ、2000
年に別種として認められた（Rice, 1998; IWC, 2001）。もう一方のタイプについては現在
では広く“ドワーフミンククジラ”と呼ばれており、南半球の大陸付近および南極海に
分布している（Baker, 1983; Best, 1985; Marsh, 1985; Arnold et al., 1987; Baldas and Castello, 
1986; Kasamatsu et al., 1995; Aguayo, 1994; Zerbini et al., 1996; Kato and Fujise, 2000）。外部






ククジラに近縁で、少なくとも亜種レベルに区別できるとされている（Wada et al., 1991; 





に比べると小型である（Kato, 1990; Kato and Fujise, 2000; Bando et al., 2005）。ドワーフ
ミンククジラの頭骨の形態については Arnold et al.（1987）により、オーストラリア沿
岸に座礁した体長 7.1mの個体について初めて記載がされた。その後、これまで複数の
研究者により、骨格に関する記載や報告がなされている（Watson and Fordyce, 1993; 
Zerbini et al., 1996; Patterson et al., 2000; Zerbini and Simões-Lopes, 2000; Kato and Fujise, 
2000; Secchi et al., 2003; Meirelles and Furtado-Neto, 2004; Magalhães et al., 2009）。このう














































Table. 1  Number of individuals examined in the previous studies which examine osteological variation among minke whale sub-species. 
Authority Minke whale Antarctic minke whale North Pacific North Atlantic Dwarf form 
Turner, 1892 - 7 (?) - - 
True, 1904 - 13 (4) - - 
Allen, 1916 - 6 (0) - - 
Cowan, 1939 5 (1) - - - 
Tomilin, 1957 4 (1) 17 (8+?) - - 
Omura, 1957; 1975 3 (1) - - 2 (2) 
Omura and Kasuya, 1976 - - - 1 (0) 
Zhongxue and Wenxiang, 1983 1 (1) - - - 
Arnold et al., 1987 - - 1 (1) - 
Watson and Fordyce, 1993 - - 1 (1) - 
Zerbini and Secchi, 1996 - - 10 (?) - 
Patteson et al., 1997 - - - 1 (0) 
Patteson et al., 2000 - - 1 (1) - 
Zerbini and Simões-Lopes, 2000 - - 34 (?) 18 (?) 
Kato and Fujise, 2000 3 (3) - 7 (7) 10 (10) 
Secchi et al., 2003 - - 1 (0) - 
Meirelles and Furtado-Neto, 2004 - - - 1 (?) 
Magalhães et al., 2006 - - 1 (1) - 
Total. 16 (7) 33 (12+?) 56 (11+?) 33 (12+?) 











は、陸生の哺乳類だけでなくハンドウイルカ Tursiops Truncatusやスジイルカ Stenella 
coeruleoalba、ネズミイルカ Neophocaena phocaenoidesなどのハクジラ類についても同様で
ある（Ito and Miyazaki, 1990; Galatius, 2005; Kurihara and Oda, 2009）。しかしシロナガスクジ
ラ Balaenoptera musculus，ナガスクジラ B. physalusといった大型のヒゲクジラ類について
は頭部が成長に伴い相対的に大きくなることが知られており、これはこのグループ固有の
傾向といえる（Mackintosh and Wheeler, 1929; Ohsumi, 1960; Lockyer, 1981）。一方で、ナガ
















第二期北西太平洋鯨類捕獲調査（Japanese Whale Research Program under Special Permit in 












ける最大幅を、それぞれ 2mの大型ノギスを用いて 0.1cm 単位で計測した（Fig. 2）。また
性別、性状態のデータも合わせて使用した性状態については Kishiro et al.（2009）、 Yoshida 


















SHLD ∗+= βα  
 
ここで、回帰係数 β  が有意水準 1%以下で有意であった場合には差の推定値 ˆD  を上
記の回帰式より計算し、回帰係数が有意でなかった場合には SHLと CBLの差 D が、SHL




















][][log][][][log~][log sexXmaturitysexXY ∗+++ ][log*][][*][ Xmaturitymaturitysex ++  
][][log][][log~][log sexXsexXY ∗++  
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Fig. 1  Research area of this study. Research was operated at the coastal waters off Ayukawa, 
Miyagi prefecture and Kushiro, Hokkaido prefecture (Shown by circle). Each area was set 














Fig. 2  Measurement position on the skull in Balaenoptera species.  CBL (condylobasal 
length): The maximum distance from the anterior margin of the premaxilla to the 
anterior margin of the occipital condyle. GWS (greatest width of the skull): width 











未成熟、雄； 89.071.25 XY =  
未成熟、雌； 89.039.24 XY =  
成熟、雄； 68.013.39 XY =  

















未成熟、雄； 95.025.12 XY =  
未成熟、雌； 95.052.12 XY =  
成熟、雄； 74.005.19 XY =  



























Fig. 3  Allometry of skull length to body length in males (left) and females (right) in Balaenoptera 
acutorostrata. Mean values of condylobasal length were plotted for each body length class 
(30 cm range), shown separately according to sexual maturity (○: immature; ●: mature). 
Error bars show standard deviation. Regression lines were calculated using the allometric 











Fig. 4  Allometry of skull width to body length in males (left) and females (right) in Balaenoptera 
acutorostrata. Mean values of skull width were plotted for each body length class (30 cm 
range), shown separately according to sexual maturity (○: immature; ●: mature). Error 







       i) 頭骨長の相対成長 
頭長（SHL）と頭骨長（CBL）の差（D）が SHLに依存しているか確かめるため、回帰
分析をおこなったところ 3鯨種とも、回帰係数は有意でなく、Dは SHLに依存しなかった








40.11.7 XY = （r2=0.93, n=235） 
雌；
30.15.9 XY = （r2=0.94, n=252） 
ナガスクジラ 
雄；
26.14.11 XY = （r2=0.93, n=291） 
雌；
22.19.12 XY = （r2=0.94, n=225） 
イワシクジラ 
雄；
89.01.31 XY = （r2=0.68, n=50） 
雌；

















15.12.7 XY = （r2=0.85, n=219） 
雌；
08.18.8 XY = （r2=0.89, n=230） 
ナガスクジラ 
雄；
17.15.6 XY = （r2=0.86, n=270） 
雌；
10.11.8 XY = （r2=0.89, n=207） 
イワシクジラ 
雄；
94.03.12 XY = （r2=0.43, n=45） 
雌；











Fig. 5  Proportional change of skull length in Balaenoptera species. Mean values of each species 




Fig. 6  Proportional change of greatest skull width in Balaenoptera species. Mean values of each 














る現象は多くの哺乳類についても同様に知られている（Brody, 1964; Andersen and Wiig, 
















知られている（Acevado- Guiterrez et al., 2002; Goldbogen et al., 2007）。また体が大きくなれ
ばなるほど俊敏性や飲み込み摂餌に必要な瞬発力が減少することも報告されている（Webb 









































































       ii) 計測部位及び方法 
計測点間の距離が 30cm 以下の場合はステンレス製ノギスを用いて、それ以上の部位
については 2mの木製大型ノギスを用いて 1mm 単位で計測をおこなった。計測ポイン
トは Omura（1975）にならい、Fig. 8および Table. 2に明示した 59箇所を定めた。 
 
       iii) 写真撮影 
頭骨の形態を記録するために写真撮影を行った。撮影にはデジタルカメラを用い、
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Fig. 7  Frequency distribution of body length. Vertical axis shows frequency of body length 
class (50 cm interval) 
 
 




















Fig. 8  Skeletal measurement points of the skull and mandible in present study. Dorsal view of the skull (a), dorsal view around nasal (b), occipital 
condyle and macropore (c), ventral view of the skull (d), ventral view of the tympanic bullae (e), lateral view of the tympanic bullae (f), 
Lateral view of the skull (g), dorsal view of mandibles (h), lateral view of mandibles (i), posterior view of mandibles (j).
 28 
 
Table. 2  Measurement items and acronym of each measure points 
 
  
Length of rostrum RL Rostrum length 
PmL (L/R) Premaxilla length
MaL (L/R) Maxilla length
VL Vomer length 
Width of rostrum RW Rostrum width
RW1/2 Rostrum width at the middle
GWPm Greatest width of the premaxilla
SWPMa Skull width at the outer edge of postrior edge of maxilla
PmWP Premaxilla width at the posterior edge
MaWP Maxilla width at the posterior edge
Nasal NL Nasal length (along the curve)
NW1/2 Nasal width at the middle
NWA Nasal width at the anterior edge 
NWP Nasal width at the posterior edge
GWS Greatest width of the skull
SWAJP Skull width at anterior edge of the jugal process
MWP Minimum width of the parietal bone
GWOB Greatest width of occipital bone
URM-SPOB Upper ridge of macropora to superior part of the occipital bone
WOJ Occipital bone width at jugal process
MH Macropora height
MW Macropora width
OCH (L/R) Occipital condyle height
OCsW Occipital condyle width
OCW (L/R) Occipital condyle width
Orbit OW (L/R) Orbit width 
OH (L/R) Orbit height
Tympanic bullae TBL Tympanic bullae length
GWTB Greatest width of tympanic bullae
MWTB Minimum width of tympanic bullae
TBH Tympanic bullae height
Palatine PaL (L/R) Palatine length
PaWP Palatine width at posterior end
Others SH Skull height
TPm-POB (L/R) Tip of premaxilla to the posterior edge of occipital bone
TPm-PTB (L/R) Tip of premaxilla to the posterior edge of temporal bone
Mandible MdL (L/R) Mandible length (straight)
MdLC (L/R) Mandible length (along the curve)
MdH1/2 (L/R) Mandible height at 1/2 length of the mandible (along the curve)
MdW1/2 (L/R) Mandible width at 1/2 length of the mandible (along the curve)
TJH (L/R) Temporomandibular joint height 
TJW (L/R) Temporomandibular joint width 









Table. 3  Legends of photographing items. 
 
items Example  items Example 
Dorsal view 




















 Frontal view of nasal 
 
 




















Fig. 9  Skeletons of snout (premaxilla, maxilla, vomer) a) dorsal view, b） ventral view, 
c) lateral view (right side), d) frontal view, e) posterior view 
 













らず、頭骨長に対する割合はほぼ一定であると判断された（Table. 4, Fig. 12）。 
 






Fig. 10  Measure points of the skeleton of snout (premaxilla, maxilla, vomer) a, c) dorsal 







Table. 4  Estimates of allometric models of skeleton which contribute to rostrum. Best model; 
the allometric model selected based on AIC, a; Allometry coefficient, b; allometry 
constant, r2; adjusted determination coefficients of the model, n; the number of 
samples, p-value; significance of deviation from isometry, allometry; the relative 




Best model a b r
2
n p-value allometry % (mean±S.D.)
RL 4 1.15 0.31 0.99 108 ** positive -
PmL(L) 4 1.11 0.41 0.99 108 ** positive -
PmL(R) 4 1.10 0.43 0.89 108 ** positive -
MaL(L) 4 1.10 0.41 0.98 108 ** positive -
MaL(R) 4 1.11 0.40 0.99 107 ** positive -
VL 4 1.11 0.44 0.97 68 ** positive -
Immature 1.07 0.22 0.95 77 * positive -
Mature 0.91 0.53 0.69 31 n.s. isometry
RW1/2 4 1.08 0.13 0.93 108 * positive -
GWPm 4 1.08 0.09 0.93 107 ** positive -
Immature 1.08 0.31 0.96 77 ** positive -
Mature 0.99 0.50 0.97 31 n.s. isometry 61.21±13.08
PmWP 4 0.67 0.12 0.16 93 * negative -
MaWP 4 1.16 0.05 0.65 63 n.s. isometry 13.34±3.41






Fig. 11  Allometry of skeletons of rostrum. Male and female are shown in △ and, ○ 
respectively. Sexually immature and mature animals are indicated with in white and 
black color, respectively. Regression lines (solid line) were calculated using the 
allometric equation. The dashed line represent isometry.   












































































































































































Fig. 12  Continued.  
































































































































































Fig. 13  Relationship between right and left, which indicate symmetric pattern on premaxilla 
(PmL) and maxilla (MaL) length. 
  




















   y = 1.00 x+ 0.12

































クジラ Cladeについても重点的に研究されてきた（Omura, 1957; Omura, 1975; Arnold et 










 F： Frontal 
 M： Maxilla 
 N： Nasal 
 P： Premaxilla 
 Pa： Parietal 
 S： Supraoccipital 
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       i) 相対成長 
 
鼻骨について、以下の 5箇所を計測し、分析した（Fig. 15）。 
 








（t-test; p<0.01）（Table. 5; Fig. 16）。 
 
Table. 5  Estimates of allometric models of skeleton of nasal bone. Best model; the allometric 
model selected based on AIC, a; Allometry coefficient, b; allometry constant, r2; 
adjusted determination coefficients of the model, n; the number of samples, p-value; 
significance of deviation from isometry, allometry; the relative growth pattern 











Best model a b r
2
n p-value allometry % (mean±S.D.)
NL 4 0.98 0.11 0.80 94 n.s. isometry 12.91±2.71
NW1/2 4 0.83 0.10 0.57 108 * negative -
NWA 4 0.93 0.08 0.72 104 n.s. isometry 7.8±1.69
NWP 4 0.60 0.09 0.13 95 * negative -




 Fig. 16  Allometry of nasals. Male and female are shown in △ and, ○ respectively. 
Sexually immature and mature animals are indicated with in white and black color, 
respectively. Regression lines (solid line) were calculated using the allometric 
equation. The dashed line represent isometry.   

















































































       ii) 鼻骨前縁部の形状 
 
北太平洋産ミンククジラの鼻骨先端は、前方に突出するとされている（Omura, 1975; 





Fig. 17  The form of the anterior margin of nasal from ventral view was classified into 3 types 
(Type A: protrude forward, Type B: flat, Type C: convex)  
 
個体差・雌雄差 
観察対象とした 99個体のうち、鼻骨前縁部が前方に突出する Type Aが最も多かっ
たが（n=80, 80.8％）、これまで報告されていない Type B（n=17, 17.2％）や Type C（n=2, 
2％）といった鼻骨先端が平らもしくは後方に窪む個体も僅かながら確認された。また
性別による形状の違いがあるかどうかを検定したところ、Type Aでは雄が 51%，雌が
49％、Type Bでは雄が 76%、雌が 24％、Type C では雄が 100％となり、各タイプにお




Type Cは体長が 7m以上のグループにのみ観察された（n=2）。また 7m以上の階級にお
いては Type Bも相対的に多いように思われるが、統計的な有意差は認められなかった
（Chi-square test,  df=6,  p>0.05） 
 
  












Fig. 18  Proportion of individuals in each nasal types. Types were classified by the form of the 
anterior margin of nasal bone (Type A; protrude forward, Type B; flat, Type C; 











































Fig. 20  Proportion of individuals in each nasal types in each body length class. Type C 
(anterior margin of nasal bone is convex) was observed only in body class bigger than 





















Body length class (m)
Type A Type B Type C
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上顎骨後端より前方に位置する（Type A）、ほぼ等しい（Type B）後方に位置する（Type 
C）の 3タイプに分けて分析をおこなった（Fig. 21）。 
 
 
Fig. 21  Comparison of the relationship between posterior ends of nasal and premaxilla among 
the 3 types. The position was classified into 3 types. The end of nasal is positioned 
anterior (Type A), equal (Type B), posterior (Type C) to the end of premaxilla. 
 
個体差・雌雄差 
観察された 102個体について、鼻骨後端が前上顎骨後端より前方に突出する Type A
（n=54）が最も多かったが、Type B（n=46）、Type C（n=6）ともに観察された。また






られなかった（Chi-square test, df=6, p>0.05）。 
  





Fig. 22  Comparison of the position between posterior ends of nasal and premaxilla. The 
positional relationship of each character was classified into 3 types. The end of nasal is 
positioned anterior (Type A), equal (Type B), posterior (Type C) to the end of 





Fig. 23  Comparison of the position between posterior ends of nasal and premaxilla in each 
body length class. No significant difference was observed between sex（Chi-square test, 









































Body length class (m)
Type A Type B Type C
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       iv) 前上顎骨後端と上顎骨後端の位置関係 
 
前上顎骨後端と上顎骨後端の位置関係を分析した。前上顎骨後端が、上顎骨後端よ




Fig. 24  Comparison of the positional relationship between posterior ends of premaxilla and 
maxilla. The position was classified into 3 types. The end of premaxilla is positioned 
anterior (Type A), equal (Type B), posterior (Type C) to the end of maxilla. 
 
今回観察された 106個体は、全て Type Cであり、前上顎骨後端の位置が、上顎骨後
端と等しい、もしくは後方に位置しているものは認められなかった。 
 
Fig. 25  Comparison of the position of the end of premaxilla to the end of maxilla. The 
positional relationship of each character was classified into 3 types. The end of 
premaxilla is positioned anterior (Type A), equal (Type B), posterior (Type C) to the 
end of maxilla. Type A and B were not observed in this study.  






































Fig. 26  The form of the parietal bone. It was classified into 3 types based on the invasion of 
parietal bone to the vertex of the skull. Type A: parietal does invaded in to the vertex 
of skull and fused each other. Type B: parietal does invaded but not fused. Type C: 




その形状および発達程度は個体に差が大きいことが明らかとなった（Fig. 27, Fig. 28）。
また、頭頂骨の発達程度は全て Type Bであり（n=92）、左右の頭頂骨が結合するものや、
頭頂部に侵入していない個体は認められなかった。  





Fig. 27  Photograph (left) and illustration (right) of the vertex of skull of common minke whale. 




Fig. 28  Individual variation in size and shape of interparietal of common minke whale. 





















Fig. 29  Occipital and temporal bone. a) dorsal view, b) ventral view, c) lateral view, d) 
frontal view e) posterior view 
 
 


















31, Table. 6）。 
 
Table. 6  Estimates of allometric models of occipital and temporal bone. Best model; the 
allometric model selected based on AIC, a; Allometry coefficient, b; allometry 
constant, r2; adjusted determination coefficients of the model, n; the number of 
samples, p-value; significance of deviation from isometry, allometry; the relative 
growth pattern (positive allometry, isometry and negative allometry). 
 
 
Best model a b r
2
n p-value allometry % (mean±S.D.)
GWS 4 1.09 0.34 0.97 107 ** positive -
SWAJP 4 1.11 0.31 0.97 108 ** positive -
GWOB 4 0.76 1.38 0.53 106 n.s. isometry 52.7±10.12
URM-SPOB 4 0.98 0.28 0.94 105 n.s. isometry 35.78±8.31
1.34 0.05 0.74 55 ** positive -
0.38 6.01 -0.01 24 n.s. isometry 40.97±5.42
MWP 4 0.99 0.13 0.72 106 n.s. isometry 15.72±3.48
WOJ 3




Fig. 31  Allometry of parietal and temporal bone. Male and female are shown in △ and, ○ 
respectively. Sexually immature and mature animals are indicated with in white and 
black color, respectively. Regression lines (solid line) were calculated using the 
allometric equation. The dashed line represent isometry.   

































































































































































ている（Kato and Fujise, 2000）。比較には頭骨背面の写真を用いて後頭骨と頭頂骨の分
岐点（a）から後頭骨と側頭骨の接点（b）まで引いた直線に対し、後頭骨外縁部が外側




Fig. 32  Comparison of the form of antero-lateral edge of occipital bone. Type A: bulge, Type 




ろ、外縁部が直線的である Type Bが最も多く観察された（n=37, 45.7%）が、後頭骨外
縁が外側に張り出すもしくは窪んでいる個体も認められた（Type A: n=21, Type C: n=23）
（Fig. 33, Fig. 34）。各タイプで雌雄の組成に違いは認められなかった（Fig. 34, Chi-square 


























Fig. 34  Comparison of the form of antero-lateral edge of occipital bone. The form was 
classified into 3 types. Type A: bulge, Type B: straight, Type C: concave.  
 
 
Fig. 35  Comparison of the form of antero-lateral edge of occipital bone in each body length 
class. The form was classified into 3 types. Type A: bulge, Type B: straight, Type C: 
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クロミンククジラでは観察されていない（Arnold et al. 1987; Kato and Fujise, 2000）。 
後頭骨前縁中心部（矢印）が前方に突出する（Type A）、直線的（Type C）、窪む（Type 




Fig. 36  Comparison of the form of anterior margin of supraocciptal. Type A: curve frontward, 





ろ、後頭骨前縁中心部が前方に突出する Type Aが最も多く観察された（n=35, 36.8%）
が直線的なものや窪むものも多く認められた（Type B: n=33, Type C: n=27）。各タイプ
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Fig. 37  Comparison of the form of anterior margin of supraocciptal. Type A: curve frontward, 




Fig. 38  Comparison of the form of anterior margin of supraocciptal in each body length class.  
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以下の5箇所（OCH, OCWは左右）について相対成長と左右対称性を分析した（Fig. 39）。 
 
 
Fig. 39  Measure points and acronym of macropore and occipital condyle. 
 




くなる傾向を示した（Table. 7, Fig. 40, Fig. 41）。 
 








Table. 7  Estimates of allometric models of occipital condyle and macropore. Best model; the 
allometric model selected based on AIC, a; Allometry coefficient, b; allometry 
constant, r2; adjusted determination coefficients of the model, n; the number of 
samples, p-value; significance of deviation from isometry, allometry; the relative 






Fig. 40  Allometry of macropore. Male and female are shown in △ and, ○ respectively. 
Sexually immature and mature animals are indicated with in white and black color, 
respectively. Regression lines (solid line) were calculated using the allometric equation. 
The dashed line represent isometry.   
Best model a b r
2
n p-value allometry
MH 4 0.34 1.26 0.28 89 ** negative
MW 4 0.13 3.93 0.09 89 ** negative
OCW (L) 4 0.55 0.46 0.77 106 ** negative
OCW (R) 4 0.54 0.48 0.71 105 ** negative
OCH (L) 4 0.35 1.93 0.65 105 ** negative
OCH (R) 4 0.35 1.90 0.66 104 ** negative
OCsW 4 0.46 1.72 0.81 105 ** negative
**: p <0.01, *:p <0.05, n.s.: no significant


































































Fig. 41  Allometry of occipital condyle. Male and female are indicated with in green and red 
color, respectively. Immature and mature animals are shown in ○ and △, 
respectively.  Regression lines (solid line) were calculated using the allometric 
equation. The color of regression line depends on allometric pattern (positive 
allometry: red, isometry: black, negative allometry: green).   




































































































































Fig. 42  Relationship between right and left, which indicate symmetric pattern on occipital 
width (OCW) and height (OCH). 
  


























   y = 0.96 x+ 0.23


























Fig. 43  Measure points and acronym of orbit. 
 





る傾向を示した（Table. 8，Fig. 44）。 
 










Table. 8  Estimates of allometric models of orbit. Best model; the allometric model selected 
based on AIC, a; Allometry coefficient, b; allometry constant, r2; adjusted 
determination coefficients of the model, n; the number of samples, p-value; 
significance of deviation from isometry, allometry; the relative growth pattern 




Fig. 44  Allometry of orbit. Male and female are shown in △ and, ○ respectively. Sexually 
immature and mature animals are indicated with in white and black color, respectively. 
Regression lines (solid line) were calculated using the allometric equation. The dashed 
line represent isometry. 
Best model a b r
2
n p-value allometry
OW (L) 4 0.60 0.85 0.86 108 ** negative
OW (R) 4 0.59 0.87 0.83 108 ** negative
OH (L) 4 0.58 0.67 0.83 81 ** negative
OH(R) 4 0.58 0.68 0.80 82 ** negative
**: p <0.01, *:p <0.05, n.s.: no significant




















































































Fig. 45  Relationship between right and left, which indicate symmetric pattern on orbital width 
(OW) and height (OH).  


















   y = 1.00 x+ 0.03





























左側の鼓室骨を用いて以下の 4箇所について計測し、相対成長を分析した（Fig. 46）。 
 
 










Table. 9  Estimates of allometric models of orbit. Best model selected based on AIC (Best 
model), Allometry coefficient (a), allometry constant (b), adjusted determination 
coefficients of the model (r2). number of samples (n), significance of deviation from 








Best model a b r
2
n p-value allometry
TBL 4 0.09 5.93 0.15 92 ** negative
GWTB 4 0.09 4.44 0.17 86 ** negative
MWTB 4 0.09 3.67 0.10 86 ** negative
TBH 4 0.08 3.27 0.08 74 ** negative





Fig. 47  Allometry of tympanic bullae. Male and female are shown in △ and, ○ 
respectively. Sexually immature and mature animals are indicated with in white and 
black color, respectively. Regression lines (solid line) were calculated using the 
allometric equation. The dashed line represent isometry. 
  






























































































Fig. 48  Measure points and acronym of palatine. Ventral view of the skull. 
 
       i) 相対成長 
口蓋骨長、最大幅はともに性別、性状態による影響は認められなかった。また口蓋骨
長は左右とも優成長を示し、成長に伴い相対的に大きくなった。また口蓋骨最大幅は等
成長を示した（Table. 10, Fig. 49）。 
 












Table. 10  Estimates of allometric models of parietal. Best model; the allometric model 
selected based on AIC, a; Allometry coefficient, b; allometry constant, r2; adjusted 
determination coefficients of the model, n; the number of samples, p-value; 
significance of deviation from isometry, allometry; the relative growth pattern 




Fig. 49  Allometry of parietal. Male and female are shown in △ and, ○ respectively. 
Sexually immature and mature animals are indicated with in white and black color, 
respectively. Regression lines (solid line) were calculated using the allometric 
equation. The dashed line represent isometry. 
Best model a b r
2
n p-value allometry
PaL (L) 4 1.11 0.14 0.94 102 ** positive
PaL (R) 4 1.10 0.15 0.94 106 ** positive
PaWP 4 0.99 0.19 0.89 103 n.s. isometry
**: p <0.01, *:p <0.05, n.s.: no significant

















































































Fig. 50  Relationship between right and left, which indicate symmetric pattern on parietal 
length (PaL).  































Fig. 51  Measure points and acronym of skull height (left) and basal length of skull (right).  
Lateral view (a), ventral view (b) of the skull. 
 
 
Table. 11  Estimates of allometric models of skull height and basal length of skull. Best model; 
the allometric model selected based on AIC, a; Allometry coefficient, b; allometry 
constant, r2; adjusted determination coefficients of the model, n; the number of 
samples, p-value; significance of deviation from isometry, allometry; the relative 










Best model a b r
2
n p-value allometry
SH 4 1.10 0.18 0.94 77 ** positive
TPm-POB (L) 4 1.06 0.79 0.99 107 ** positive
TPm-POB (R) 4 1.06 0.76 0.99 104 ** positive
TPm-PTB (L) 4 1.05 0.80 0.99 107 ** positive
TPm-PTB (R) 4 1.06 0.78 0.99 106 ** positive




Fig. 52  Allometry of skull height and the length from the tip of premaxilla to the posterior end 
of occipital and temporal bone. Male and female are shown in △ and, ○ 
respectively. Sexually immature and mature animals are indicated with in white and 
black color, respectively. Regression lines (solid line) were calculated using the 
allometric equation. The dashed line represent isometry.   






















































































































































































下顎骨について以下の 14箇所を計測し分析した(Fig. 53)。 
 
Fig. 53  Measure points and acronym of mandible. Dorsal view (a), lateral view (b), posterior 
view (c). 
 






（Table. 12, Fig. 54）。 
 
















Table. 12  Estimates of allometric models of mandible. Best model; the allometric model selected based on AIC, a; Allometry coefficient, b; allometry constant, 
r2; adjusted determination coefficients of the model, n; the number of samples, p-value; significance of deviation from isometry, allometry; the relative 
growth pattern (positive allometry, isometry and negative allometry). 
 
Best model Category a b r
2
n p-value allometry % (mean±S.D.)
MdL (L) 4 1.05 0.74 0.99 101 ** positive -
MdL (R) 4 1.06 0.72 0.99 102 ** positive -
MdLC (L) 4 1.05 0.77 0.99 101 ** positive -
MdLC (R) 4 1.06 0.74 0.99 102 ** positive -
MdH1/2 (L) 4 1.01 0.06 0.90 104 n.s. isometry 9.03±1.83
MdH1/2 (R) 4 1.00 0.07 0.92 104 n.s. isometry 9.1±1.85
MdW1/2(L) 4 1.02 0.04 0.93 104 n.s. isometry 5.6±1.08
MdW1/2(R) 4 1.04 0.04 0.94 104 n.s. isometry 5.56±1.09
TJH (L) 4 0.94 0.13 0.92 104 * negative -
TJH (R) 4 0.98 0.11 0.93 104 n.s. isometry 12.94±2.41
TJW (L) 4 0.97 0.09 0.89 104 n.s. isometry 9.04±1.69
TJW (R) 4 0.88 0.08 0.88 103 n.s. isometry 8.94±1.73
Immature 0.95 0.17 0.91 72 n.s. isometry 17.43±3.17
Mature 0.71 0.57 0.46 31 * negative -
Immature 0.91 0.20 0.93 73 ** negative -
Mature 0.71 0.56 0.52 31 * negative -






Fig. 54  Allometry of mandible. Male and female are shown in △ and, ○ respectively. 
Sexually immature and mature animals are indicated with in white and black color, 
respectively. Regression lines (solid line) were calculated using the allometric 
equation. The dashed line represent isometry. 
 
  




































































































































































Fig. 54 continued. 













































































Fig. 54 continued. 
  




















































































































































Fig. 55  Relationship between right and left, which indicate symmetric pattern on each 
measurement points of mandible. 
  
























   y = 1.00 x+ 0.28














   y = 0.99 x+ 0.02


















   y = 0.99 x+ 0.17
























   y = 0.98 x+ 0.24





















   y = 1.02 x+ −0.17










































はヒトを含む多くの他の哺乳類でも認められており（Mukasa,1938; Herring, 1974; Moore, 
1981; 清田他, 2008; Kurihara and Oda, 2009）、ミンククジラも同様な成長様式を持つこと
が示唆された。 
 
       ii) 左右対称性 



























Table. 13  Summary of allometry patterns of each character. 
                                                                                                                              
Positive Isometry Negative
Length of rostrum RL ○ Rostrum length 
PmL (L/R) ○ Premaxilla length
MaL (L/R) ○ Maxilla length
VL ○ Vomer length 
Width of rostrum RW ○* Rostrum width
RW1/2 ○ Rostrum width at the middle
GWPm ○ Greatest width of the premaxilla
SWPMa ○* Skull width at the outer edge of postrior edge of maxilla
PmWP ○ Premaxilla width at the posterior edge
MaWP ○ Maxilla width at the posterior edge
Nasal NL ○ Nasal length (along the curve)
NW1/2 ○ Nasal width at the middle
NWA ○ Nasal width at the anterior edge 
NWP ○ Nasal width at the posterior edge
GWS ○ Greatest width of the skull
SWAJP ○ Skull width at anterior edge of the jugal process
MWP ○ Minimum width of the parietal bone
GWOB ○ Greatest width of occipital bone
URM-SPOB ○ Upper ridge of macropora to superior part of the occipital bone
WOJ ○ Occipital bone width at jugal process
MH ○ Macropora height
MW ○ Macropora width
OCH (L/R) ○ Occipital condyle height
OCsW ○ Occipital condyle width
OCW (L/R) ○ Occipital condyle width
Orbit OW (L/R) ○ Orbit width 
OH (L/R) ○ Orbit height
Tympanic bullae TBL ○ Tympanic bullae length
GWTB ○ Greatest width of tympanic bullae
MWTB ○ Minimum width of tympanic bullae
TBH ○ Tympanic bullae height
Palatine PaL (L/R) ○ Palatine length
PaWP ○ Palatine width at posterior end
Others SH ○ Skull height
TPm-POB (L/R) ○ Tip of premaxilla to the posterior edge of occipital bone
TPm-PTB (L/R) ○ Tip of premaxilla to the posterior edge of temporal bone
Mandible MdL (L/R) ○ Mandible length (straight)
MdLC (L/R) ○ Mandible length (along the curve)
MdH1/2 (L/R) ○ Mandible height at 1/2 length of the mandible (along the curve)
MdW1/2 (L/R) ○ Mandible width at 1/2 length of the mandible (along the curve)
TJH (L/R) ○ ○ Temporomandibular joint height 
TJW (L/R) ○ Temporomandibular joint width 
CPH (L/R) ○ Coronoid process height 
Category Measurement item
Allometry pattern
















が報告されている（Omura, 1957; Omura, 1975; Arnold et al., 1987; Zerbini and Secchi, 1996; 



















第 3 章で用いた 115個体に加え、JARPNⅡ沖合域調査で捕獲され、（財）日本鯨類研
究所鮎川実験場にて保管されていた 9個体および、釧路沖で捕獲され、埋設法で処理さ






本は Kato and Fujise（2000）が用いた標本と同一のものである。 
 
4-2-3. クロミンククジラ 
JARPAにより 1987/88 年から 2001/02 年にかけて捕獲された 5個体を分析に用いた。







Table. 14  Specimen number, body length, sex and sexual maturity of Antarctic minke whale and 
Dwarf form, used in this chapter. 
 Specimen No. Body length (m) Sex Sexual maturity 
Antarctic minke whale 87/88-055 8.97 ♀ mature 
 87/88-102 8.00 ♂ mature 
 87/88-229 8.10 ♂ mature 
 93/94-229 8.50 ♂ mature 
 01/02-039 9.08 ♂ mature 
Dwarf form 87/88-273 7.01 ♂ mature 
 88/89-013 6.99 ♀ mature 
 88/89-014 6.60 ♂ mature 
 88/89-070 5.94 ♀ immature 
 88/89-199 5.41 ♂ immature 
 88/89-227 7.02 ♀ mature 
 89/90-215 7.07 ♀ mature 

























Table. 15  Comparison of the allometry coefficient (a) and constant (b) between the treatment 





Acronym a b Acronym a b
GWS n.s. n.s. NL n.s. n.s.
SWAJP n.s. n.s. NW1/2 n.s. n.s.
GWOB n.s. n.s. NWA n.s. n.s.
URM-SPOB n.s. n.s. NWP n.s. n.s.
WOJ n.s. n.s. MWP n.s. n.s.
PmL(L) n.s. n.s. SH n.s. n.s.
PmL(R) n.s. n.s. OW (L) n.s. n.s.
MaL n.s. n.s. OW (R) n.s. n.s.
MaL(R) n.s. n.s. VL n.s. n.s.
RL n.s. ** MH n.s. n.s.
VL n.s. n.s. MW n.s. n.s.
RW n.s. n.s. OCH n.s. **
RW1/2 n.s. n.s. OCH n.s. **
GWPm n.s. n.s. OCsW n.s. n.s.
SWPMa n.s. n.s. OCW (L) n.s. *
PmWP n.s. n.s. OCW (R) n.s. *
MaWP n.s. n.s. PaL (L) n.s. n.s.
MdL (L) n.s. n.s. PaL (R) n.s. n.s.
MdL (R) n.s. n.s. PaWP n.s. n.s.
MdLC (L) n.s. n.s. TBL n.s. n.s.
MdLC (R) n.s. n.s. GWTB n.s. n.s.
MdH1/2 (L) n.s. n.s. MWTB n.s. n.s.
MdH1/2 n.s. n.s. TBH n.s. n.s.
MdW1/2 (L) n.s. n.s. TPm-POB (L) n.s. n.s.
MdW1/2 (R) n.s. n.s. TPm-POB (R) n.s. n.s.
TJH (L) n.s. n.s. TPm-PTB (L) n.s. n.s.
TJH (R) n.s. n.s. TPm-PTB (R) n.s. n.s.
TJW (L) n.s. n.s.
TJW (R) n.s. n.s.
CPH (L) n.s. n.s.
CPH (R) n.s. n.s.

















































Fig. 56  Relative growth of the condyle basal length (CBL) to body length of male (left) and 
female (right). Regression lines were adopted by allometric equation. Solid line is the 






Allometric regression (solid line) and 95% predicted area
























比べ有意に小さい値を示した（Tukey-Kramer 法, p<0.05）（Table. 16, Fig. 58）。 
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Table. 16  Proportion of each measurement character to condyle-basal length in minke clade. 
AM, Antarctic minke whale; DW, Dwarf form; NP, North Pacific minke whale. 
Proportion was compared by Tukey-Kramer method. Asterisks indicate significant 
differences between species.  
 
% (mean±S.D.) n % (mean±S.D.) n % (mean±S.D.) n
RL 65.55±1.37 34 65.93±1.66 6 64.86±1.95 5 n.s. n.s. n.s.
PmL(L) 72.44±1.68 34 73.94±1.57 6 71.90±0.73 5 * n.s. *
PmL(R) 72.46±1.66 34 74.24±1.65 6 71.92±0.91 5 * n.s. *
MaL(L) 69.03±1.68 34 70.99±1.29 6 68.09±1.35 5 ** n.s. **
MaL(R) 69.08±1.67 34 71.17±1.37 6 67.89±1.76 5 ** n.s. **
VL 74.88±3.42 18 78.99±1.83 6 79.76±1.05 2 n.s. ** **
RW 33.07±1.16 34 34.15±2.13 6 31.41±2.43 5 ** n.s. n.s.
RW1/2 19.43±0.97 34 20.58±1.26 6 19.96±2.43 5 n.s. n.s. n.s.
GWPm 13.75±0.60 34 13.38±0.80 6 12.17±1.03 5 ** ** n.s.
SWPMa 48.49±1.64 34 48.98±1.72 6 47.17±4.38 5 n.s. n.s. n.s.
PmWP 2.31±0.56 28 2.14±0.40 6 2.13±0.59 2 n.s. n.s. n.s.
MaWP 10.22±1.54 118 10.28±1.24 8 9.33±1.95 4 n.s. n.s. n.s.
North Pacific Dwarf Antarctic
AM-DW





Fig. 57  Proportion of each measurement character of rostrum to condylobasal length in minke 
Clade. NP: North Pacific minke whale, DW: Dwarf form, AM: Antarctic minke whale. 



























































































































































































































































Fig. 59  Proportion of each measurement character of nasal to condylobasal length in minke 
Clade. NP: North Pacific minke whale, DW: Dwarf form, AM: Antarctic minke whale. 












































































Regression line and 









Table. 17  Proportion of each measurement character to condyle-basal length in minke clade. AM, Antarctic minke whale; DW, Dwarf form; NP, North Pacific 
minke whale. Proportion was compared by Tukey-Kramer method. Asterisks indicate significant differences between species. a, Allometry coefficient; 




a b r2 n % (mean±S.D.) n a b r2 n % (mean±S.D.) n a b r2 n % (mean±S.D.) n
NL - - - - 9.73±0.90 105 - - - - 11.13±1.02 8 - - - - 11.26±0.30 2 n.s. n.s. **
NW1/2 - - - - 4.43±0.49 34 - - - - 3.52±0.53 6 - - - - 3.57±0.52 5 n.s. ** **
NWA - - - - 6.03±0.69 115 - - - - 5.22±0.60 8 - - - - 4.71±0.26 2 n.s. * **
NWP 0.56 0.11 0.11 120 - - 2.30 0.00 0.36 8 - - -1.48 7.48E+03 -0.28 5 - - n.s. n.s. n.s.
North Pacific Dwarf Antarctic
AM-DW AM-NP DW-NP




Fig. 60  Comparison of the ratio of nasal length (NL) to nasal width of anterior part (NWA) in 




Fig. 61  Morphological comparison of the form of nasal between North Pacific minke whale 
(left) and Dwarf form (right). Dwarf form has relatively longer and narrow nasal than 




       ii) 鼻骨前縁部の形状 
 
先行研究により北太平洋産ミンククジラ、ドワーフミンククジラの鼻骨先端は前方
に突出し、クロミンククジラでは後方に窪んでいるとされている（Omura, 1975; Arnold et 









Fig. 62  The form of the anterior margin of nasal from ventral view was classified into 3 types 
(Type A: protrude forward, Type B: flat, Type C: convex)  
 
  
Type A Type CType B
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       iii) 鼻骨後端と前上顎骨後端の位置 
 
鼻骨後端と前上顎骨後端の位置関係について、以下の 3タイプに分類した（Fig. 63）。




もに Type C であった（Fig. 65, Fig. 66）。 
 
 
Fig. 63  Comparison of the positional relationship between posterior ends of nasal and 
premaxilla. The position was classified into 3 types. The end of nasal is positioned 
anterior (Type A), equal (Type B), posterior (Type C) to the end of premaxilla. 
 






クロミンククジラでは 2個体のうち、１個体が Type B, Type Cとなり、Type Aは観察さ
れなかった（Fig. 65, Fig. 66）。 
  





Fig. 64  Comparison of the positional relationship between posterior ends of premaxilla and 
maxilla. The position was classified into 3 types. The end of premaxilla is positioned 








Fig. 65  Dorsal views of nasal area of Antarctic minke whale. 









これまで頭頂間骨はドワーフミンククジラに特有の形質とされてきた（Arnold et al., 





Fig. 67  Comparison of the form of vertex of the skull of North Pacific minke whale (left) 
Dwarf form (middle) and Antarctic minke whale (right). F：Frontal, M：Maxilla, N：
Nasal, P：Premaxilla, Pa：Parietal, S：Supraoccipital.(from: Omura, 1975, Arnold et al., 






































Fig. 70  Proposal for new schema of vertex of the skull in North Pacific minke whale (left) 
Dwarf form (middle) and Antarctic minke whale (right). F:Frontal, M:Maxilla, 












法, p<0.05）（Table. 18, Fig. 71）。 
 
Table. 18  Proportion of each measurement character to condyle-basal length in minke clade. 
AM, Antarctic minke whale; DW, Dwarf form; NP, North Pacific minke whale. 
Proportion was compared by Tukey-Kramer method. Asterisks indicate significant 
differences between species.  
 
% (mean±S.D.) n % (mean±S.D.) n % (mean±S.D.) n
GWS 54.20±1.21 33 53.29±2.36 6 53.61±3.14 5 n.s. n.s. n.s.
SWAJP 54.71±1.41 34 54.25±2.07 6 53.06±3.27 5 n.s. n.s. n.s.
GWOB 40.42±1.66 118 39.72±1.90 8 41.42±2.46 5 n.s. n.s. n.s.
URM-SPOB 25.96±1.27 116 24.32±0.93 8 28.67±0.89 5 ** ** *
WOJ 24.91±3.39 88 24.59±3.56 7 25.18±1.72 2 n.s. n.s. n.s.
MWP 12.14±1.44 118 11.40±1.05 8 9.89±1.76 5 n.s. ** n.s.
North Pacific Dwarf Antarctic
AM-DW AM-NP DW-NP




Fig. 71  Proportion of each measurement character of occipital and temporal bone to 
condylobasal length in minke Clade. NP: North Pacific minke whale, DW: Dwarf 
form, AM: Antarctic minke whale. Asterisks indicate significant differences between 

















































































































では後頭骨外縁部の形状は直線的であるとされている（Arnold et al., 1987; Kato and 































Fig. 72  Allometric comparison of macropore in North Pacific minke whale, Dwarf form and 
Antarctic minke whale. Dwarf and Antarctic minke whales are shown in ○ and △, 
respectively. Solid line is the allometric equation and gray area is predicted interval of 





















Regression line and 
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Table. 19  Allometry of each measurement character to condyle-basal length in minke clade. AM, Antarctic minke whale; DW, Dwarf form; NP, North Pacific 





a b r2 n a b r2 n a b r2 n
MH 0.36 1.11 0.31 120 11.54 8 2.01 0.00 0.87 5 - n.s. n.s.
MW 0.15 3.49 0.12 120 8.83 8 0.98 0.04 -0.05 5 - n.s. n.s.
OCW (L) 0.55 0.47 0.77 120 0.62 0.29 0.58 8 1.31 0.01 0.84 5 - n.s. **
OCW (R) 0.54 0.48 0.71 120 0.63 0.28 0.60 8 0.82 0.12 0.60 5 - n.s. **
OCH (L) 0.36 1.85 0.65 120 0.38 1.46 0.19 8 1.24 0.02 0.56 5 - ** **
OCH (R) 0.36 1.83 0.67 120 0.47 0.91 0.29 8 0.84 0.15 0.15 5 - ** **
OCsW 0.47 1.67 0.81 120 0.50 1.26 0.29 8 0.70 0.50 0.40 5 - n.s. **
n.s.: no significant, :* p<0.05, **: p<0.01















Fig. 74  Allometric comparison of macropore in North Pacific minke whale, Dwarf form and 
Antarctic minke whale. Dwarf and Antarctic minke whales are shown in ○ and △, 
respectively. Solid line is the allometric equation and gray area is predicted interval of 
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Table. 20  Allometry of each measurement character to condyle-basal length in minke clade. AM, Antarctic minke whale; DW, Dwarf form; NP, North Pacific 




a b r2 n a b r2 n a b r2 n
OW (L) 0.59 0.86 0.86 120 0.33 3.10 0.34 8 -0.06 27.09 -0.33 5 - n.s. **
OW (R) 0.59 0.86 0.83 120 0.45 1.69 0.69 8 0.03 17.09 -0.33 5 - n.s. **
n.s.: no significant, :* p<0.05, **: p<0.01
DW-NP










れなかった（Table. 21, Fig. 75）。 
 
 
Fig. 75  Allometric comparison of macropore in North Pacific minke whale, Dwarf form and 
Antarctic minke whale. Dwarf and Antarctic minke whales are shown in ○ and △, 
respectively. Solid line is the allometric equation and gray area is predicted interval of 
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Table. 21  Allometry of each measurement character to condyle-basal length in minke clade. AM, Antarctic minke whale; DW, Dwarf form; NP, North Pacific 





a b r2 n a b r2 n a b r2 n
TBL 0.09 5.71 0.17 120 0.22 2.69 0.14 8 0.26 2.24 -0.26 5 - n.s. **
GWTB 0.09 4.50 0.16 120 0.18 2.48 0.17 8 -0.49 9.69E+01 0.15 5 - n.s. **
MWTB 0.09 3.70 0.09 120 0.26 1.33 0.20 8 0.94 0.04 NA 5 - n.s. **
TBH 0.07 3.37 0.06 120 0.07 2.96 8 0.54 0.27 NA 5 - n.s. **
n.s.: no significant, :* p<0.05, **: p<0.01












p<0.05）（Table. 22, Fig. 76）。 
 
Table. 22  Proportion of each measurement character to condyle-basal length in minke clade. 
AM, Antarctic minke whale; DW, Dwarf form; NP, North Pacific minke whale. 
Proportion was compared by Tukey-Kramer method. Asterisks indicate significant 
differences between species. 
 
% (mean±S.D.) n % (mean±S.D.) n % (mean±S.D.) n
PaL (L) 24.09±1.20 32 22.68±0.89 6 21.66±1.87 5 n.s. ** *
PaL (R) 24.13±1.16 34 22.34±0.94 6 21.61±1.98 5 n.s. ** **
PaWP 18.23±1.24 115 15.69±1.62 8 15.92±1.89 5 n.s. ** **
North Pacific Dwarf Antarctic
AM-DW AM-NP





Fig. 76  Proportion of each measurement character of occipital and temporal bone to 
condylobasal length in minke Clade. NP: North Pacific minke whale, DW: Dwarf 
form, AM: Antarctic minke whale. Asterisks indicate significant differences between 








































































一方、TPm-POBと TPm-PTBについては違いが認められなかった。（Table. 23, Fig. 77）。 
 
Table. 23  Proportion of each measurement character to condyle-basal length in minke clade. 
AM, Antarctic minke whale; DW, Dwarf form; NP, North Pacific minke whale. 
Proportion was compared by Tukey-Kramer method. Asterisks indicate significant 
differences between species. 
 
  
% (mean±S.D.) n % (mean±S.D.) n % (mean±S.D.) n
SH 29.76±1.22 27 31.49±2.61 5 28.38±1.17 2 * n.s. n.s.
TPm-POB (L) 105.67±1.20 33 104.89±1.78 6 103.77±0.03 2 n.s. n.s. n.s.
TPm-POB (R) 105.88±1.18 32 104.53±1.58 6 103.29±0.58 2 n.s. n.s. n.s.
TPm-PTB (L) 102.48±1.04 34 102.99±0.79 6 99.76±0.47 2 ** ** n.s.
TPm-PTB (R) 102.73±1.11 33 102.89±1.45 6 99.28±0.95 2 ** ** n.s.
North Pacific Dwarf Antarctic
AM-DW AM-NP





Fig. 77  Proportion of each measurement character of occipital and temporal bone to 
condylobasal length in minke Clade. NP: North Pacific minke whale, DW: Dwarf form, 
AM: Antarctic minke whale. Asterisks indicate significant differences between species 




















































































































た（Tukey-Kramer法, p<0.05）（Table. 24, Fig. 78）。また、下顎曲線長中点における高さ
と幅の比率を鯨種間で比較したところ、幅に対する高さの比率は北太平洋産ミンククジ
ラでは 1.61±0.11、ドワーフミンククジラでは 1.56±0.09であったが、クロミンククジ





Table. 24  Proportion of each measurement character to condyle-basal length in minke clade. AM, Antarctic minke whale; DW, Dwarf form; NP, North Pacific 
minke whale. Proportion was compared by Tukey-Kramer method. Asterisks indicate significant differences between species. a, Allometry 
coefficient; b, allometry constant; r2, adjusted determination coefficients. 
 
 
a b r2 n % (mean±S.D.) n a b r2 n % (mean±S.D.) n a b r2 n % (mean±S.D.) n
MdL (L) - - - - 96.74±1.73 34 - - - - 98.07±0.81 6 - - - - 96.94±1.48 5 n.s. n.s. n.s.
MdL (R) - - - - 96.73±1.22 34 - - - - 97.83±0.97 6 - - - - 96.94±1.40 5 n.s. n.s. n.s.
MdLC (L) - - - - 100.42±1.56 34 - - - - 102.94±2.26 6 - - - - 102.54±1.64 5 n.s. n.s. **
MdLC (R) - - - - 100.55±1.39 34 - - - - 102.82±2.32 6 - - - - 101.63±1.48 5 n.s. n.s. **
MdH1/2 (L) - - - - 6.86±0.41 116 - - - - 6.65±0.38 8 - - - - 7.74±0.85 5 ** ** n.s.
MdH1/2 (R) - - - - 6.94±0.39 116 - - - - 6.73±0.33 8 - - - - 7.78±0.73 5 ** ** n.s.
MdW1/2(L) - - - - 4.28±0.25 116 - - - - 4.26±0.24 8 - - - - 3.84±0.29 5 ** ** n.s.
MdW1/2(R) - - - - 4.26±0.22 116 - - - - 4.32±0.26 8 - - - - 3.86±0.33 5 ** ** n.s.
TJH (L) - - - - 9.91±0.54 116 - - - - 10.42±0.63 8 - - - - 9.61±0.45 5 * n.s. *
TJH (R) - - - - 9.94±0.51 116 - - - - 10.51±0.54 8 - - - - 9.68±0.49 5 * n.s. *
TJW (L) - - - - 6.91±0.46 116 - - - - 6.61±0.46 8 - - - - 7.10±0.46 5 n.s. n.s. n.s.
TJW (R) - - - - 6.85±0.47 115 - - - - 6.63±0.37 8 - - - - 7.08±0.27 5 n.s. n.s. n.s.
CPH (L) 0.97 0.16 0.94 120 - 120 1.07 0.09 0.92 8 - - -0.26 1.18E+02 -0.20 5 - - - ** n.s.
CPH (R) 0.95 0.17 0.95 120 - 120 1.05 0.11 0.92 8 - - -0.14 60.18 -0.24 5 - - - ** n.s.
North Pacific Dwarf Antarctic
AM-DW AM-NP






Fig. 78  Proportion of each measurement character of occipital and temporal bone to 
condylobasal length in minke Clade. NP: North Pacific minke whale, DW: Dwarf 
form, AM: Antarctic minke whale. Asterisks indicate significant differences between 


















































































































































































































































































































Regression line and 







Fig. 79  Ratio of MdH1/2 (mandible height at the middle) to MdW1/2 (mandible width at the 
















雌：8.3ｍ）に比べ、明らかに大きいことが知られている（加藤, 1990; Kato and Fujise, 2000; 
















































et al., 1987; Kato and Fujise, 2000）。これらの形質について第 3章の結果を踏まえ考察を






























Table. 25  Summary of difference in skeletal measurements between Dwarf, Antarctic and 
North Pacific minke whales. 
  
Category Acronym Dwarf Antarctic Measurement character
CBL* Condylobasal length
GWS*
Length of rostrum RL Rostrum length 
PmL (L/R) Premaxilla length
MaL (L/R) Maxilla length
VL Vomer length 
Width of rostrum RW Rostrum width
RW1/2 Rostrum width at the middle
GWPm Greatest width of the premaxilla
SWPMa Skull width at the outer edge of postrior edge of maxilla
PmWP Premaxilla width at the posterior edge
MaWP Maxilla width at the posterior edge
Nasal NL 
NW1/2 Nasal width at the middle
NWA Nasal width at the anterior edge 
NWP Nasal width at the posterior edge
GWS Greatest width of the skull
SWAJP Skull width at anterior edge of the jugal process
MWP Minimum width of the parietal bone
GWOB Greatest width of occipital bone
URM-SPOB Upper ridge of macropora to superior part of the occipital bone
WOJ Occipital bone width at jugal process
MH Macropora height
MW Macropora width
OCH (L/R) Occipital condyle height
OCsW Occipital condyle width
OCW (L/R) Occipital condyle width
Orbit OW (L/R) Orbit width 
Tympanic bullae TBL Tympanic bullae length
GWTB Greatest width of tympanic bullae
MWTB Minimum width of tympanic bullae
TBH Tympanic bullae height
Palatine PaL (L/R) Palatine length
PaWP Palatine width at posterior end
Others SH Skull height
TPm-POB (L/R) Tip of premaxilla to the posterior edge of occipital bone
TPm-PTB (L/R) Tip of premaxilla to the posterior edge of temporal bone
Mandible MdL (L/R) Mandible length (straight)
MdLC (L/R) Mandible length (along the curve)
MdH1/2 (L/R) Mandible height at 1/2 length of the mandible (along the curve)
MdW1/2 (L/R) Mandible width at 1/2 length of the mandible (along the curve)
TJH (L/R) Temporomandibular joint height 
TJW (L/R) Temporomandibular joint width 
CPH (L/R) Coronoid process height 
Occipital condyle and
Macropore
* Allometry to body length.
Skull length and width
:Relatively bigger than North pacific minke whale (NP)             :Relatively smaller than NP              :Make no differnce from NP





Fig. 80  Morphological difference of Dwarf form (left) and Antarctic minke whale (right) compared to North Pacific minke whale. Asterisk means new 
findings in this study.  
• Orbital width 
are narrow.
• Occipital condyle 
are small.
Dwarf type Antarctic minke whale
• Rostrum and mandible length are 
relatively long.
• Nasal is long and thin.*
• Width of naris 
is narrow.
• Occipital length is long.
Height and width of mandible at 
the middle are high and narrow. *
• Width of the 
skull at vertex 
is narrow.























































































Fig. 81  Dendrogram of skull morphological similarities among Antarctic minke whale, North 
Pacific minke whale, Dwarf form based on the skull shape. Clustering was carried out by 
UPGMA method.  
 
 
Fig. 82  Neighbor-joining-derived tree of 56 unique mtDNA control region sequences in the minke 
whale clade (modified from Pastene et al., 1996). 
 
 
Table. 26  Measurements of minke whale clade used in cluster analysis. Measurements of North 




North Pacific minke whale
Dwarf form









North Pacific minke whale
Dwarf form
North Atlantic minke whale
Tomilin , 1957
North Atlantic Antarctic North Pacific Dwarf form
Maximum length of CBL (cm) 178 218 178.5 169.2
Length of tympanic bullae (cm) 8.2 ± 0.2 9.2 ± 0.7 9.0 ± 0.7 7.9 ± 0.3
Length of premaxillary, left* 74.1 ± 1.4 71.9 ± 0.7 72.4 ± 1.7 74.0 ± 1.6
Length of maxillary, left* 72.1 68.1 ± 1.4 69.0 ± 1.7 71.0 ± 1.3
Length of mandible, curved, left* 106.9 ± 1.5 96.9 ± 1.5 96.7 ± 1.7 98.1 ± 0.8
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